The cherry-red spot in the fundus as a sign of what is now known as Tay-Sachs disease was first described by Tay in 1881 (1) . The first clinical and pathological description of the condition was reported by Sachs in 1887 (2) . The similarity between the morphologic and retinal changes in this condition and Niemann-Pick disease led Pick and Bielschowsky (3) to suggest that the conditions were different manifestations of the same disease. On the other hand, the work of Klenk (4) (5) (6) (7) (8) . showing that the accumulated lipid in Tay-Sachs disease was a glycolipid (ganglioside), whereas that in Niemann-Pick disease was sphingomyelin, led to the view that these were different conditions (9) . It has also been stated that the abnormalities in Tay-Sachs disease were confined to the nervous system (9) .
The studies of Slome (10) and Aronson, Aronson, and Volk (11) showed that the inheritance of Tay-Sachs disease was by a recessive autosomal gene with complete penetrance. They considered that the heterozygous carriers showed no evidence of the disorder. The consanguinity rate among the parents of affected children was high in both series. Aronson and co-workers (11) showed that the incidence of the disease was highest among Ashkenazic Jews.
Balint, Nyhan, Lietmann, and Turner (12) reported reduction of the cephalin fraction of the phospholipids of the red-cell stroma in a child with Niemann-Pick disease. In a later study of the same patient, Balint and Spitzer (13) well as cephalin. The same authors (14) , in a preliminary communication, reported marked reduction of red-cell sphingomyelin and cephalin in Tay-Sachs disease. Rouser, Bauman, Nicolaides, and Heller (15) had reported suggestive evidence of reduction of sphingomyelin in the red-cell stroma in Niemann-Pick disease by paper chromatography. These findings suggested a more widespread disorder of lipid metabolism that appeared to be common to both of these conditions. This report concerns our findings in six children with Tay-Sachs disease and their parents, who were clinically normal, as well as in normal children and adult subjects and in one patient with Gaucher's disease.
METHODS
Heparinized blood (8 to 20 ml) was obtained from six children with Tay-Sachs disease and from nine of the twelve apparently healthy parents, and from six normal children of similar age to those of the Tay-Sachs group and from four normal adults, two of them of Anglo-Saxon parentage, one of Greek, and one of Jewish. Clinical data on the six children with Tay-Sachs disease are presented in Table I , which shows that each child exhibited the characteristic features of the disorder. The red blood cells were morphologically normal. The red cells were immediately separated from the plasma by centrifugation at 3,000 rpm for 30 minutes, and the plasma was withdrawn. The cells were then washed three times with 0.9% saline. The saline and the buffy coat were withdrawn, and the red-cell volume was recorded. The red cells were then hemolyzed with distilled water and mixed with Celite, as previously described (12) , and extracted with 20 vol of choloroformmethanol (2: 1, vol: vol). The extract was then filtered and washed with an equal volume of 0.9% saline, and the chloroform layer was separated and dried over anhydrous sodium sulfate. Because saline washing may result in loss of glycolipids, the lipid extract was reduced to 1 to 2 ml, brought back to a volume of 50 ml with chloroform, and partitioned against 0.25 M MgCl2 (16) in one patient with Tay-Sachs disease. The lipid extract was then evaporated under reduced pressure at 37 to 400 C to a small volume and made up to 25 ml 1661 In four subj ects, the chloroform-methanol extraction procedure was performed on duplicate samples of red cells, with Celite in only one of these, to assess the effect of this material on the total recovery of lipid. The results are shown in Table II . In one subject (E.K.) the residue was re-extracted by Bloor's method (18) to check the completeness of extraction.
Lipid fractionation was performed on silicic acid 1 columns with column loads of less than 10 mg lipid per gram of silicic acid (usually 5 g silicic acid, 10 cm high, 1 cm i.d.). Neutral lipids were eluted with chloroform. The phosphtlipids were then fractionated with increasing concentrations of methanol in chloroform as described elsewhere (12) . The individual peaks, as determined by monitoring 1-ml samples from alternate 10-ml fractions for phosphorus (17) , were pooled and made up to suitable volumes. The weight of each peak was determined gravimetrically on a 1-ml sample. Each peak was analyzed for phosphorus (17) , for ester by the hydroxamate procedure (19, 20) , and for amino nitrogen (21) . Samples containing 8 to 10 ug of phosphorus were further identified by chromatography on silicic acid-impregnated Whatman 1 paper in an as- cending system of methanol-chloroform (1: 4) with 2%o
water against appropriate pure standards. This procedure showed that the cephalins were free of contaminants. There was essentially no detectable contamination of the lecithin by sphingomyelin, or the reverse, in the patients with Tay-Sachs disease or their parents.
In the normal controls, some contamination of both compounds by the other was demonstrated, as confirmed by the ester-phosphorus (E: P) ratios. By use of the paper chromatograms and the E: P ratios, the values for lecithin and sphingomyelin were recalculated. Where significant contamination of lecithin occurred, the E: P ratio was always less than 1.8: 1. The ester value was assumed to be correct, and the phosphorus value was then adjusted so that E: P was 1.8:1. Where contamination of the sphingomyelin peak was noted, the E: P ratio of this peak was always higher than 0.4: 1, and the appropriate correction was made.
In some instances, the cephalins were further fractionated on ammonium silicate columns as previously described (22) to determine the proportions of phosphatidyl ethanolamine and phosphatidyl serine. Total lipid extracts were also analyzed for hexose after hydrolysis by the anthrone method. The neutral lipid fraction was shown to contain no lipid phosphorus. It was also analyzed for cholesterol by a modification of Zak's method (23) (omitting the protein and precipitation, and reading at 530 mA) and for esters (19, 20) , and its weight was determined gravimetrically. Figure 1 . Recoveries from the columns averaged 96.57%. Only trace amounts of anthrone-positive material study. Farquahar (26) , using a similar extracwere detected in the one subject studied (D.Sch.). tion procedure to ours and successive column chroIn this same subject, three samples of red cells matography of the lipids, found that cephalins acwere analyzed. In the first of these, the extract counted for 39% of the phospholipids, as comwas washed with MgCl2. The reason for the low pared with 33.1 ± 1.47% in our control children total recovery in this instance is not clear. The and 37.2 + 0.56% in our normal adults. Farquavalues for the cephalins and sphingomyelin, how-lhar (26) reported only 3%70 of the total phosever, were comparable in the three extracts (Ta-pholipids as unidentified, whereas in our series, ble VIII). The results obtained in the second 10 to 15%o was in this category ( Figure 1 ), a reextract are presented in Tables IV and VI. sult that agrees well with the data of Weed, Reed, and Berg (27) . The small peaks of phosphoruscontaining compounds eluted before the cephalin peak (A) in the system used in this study and possibly containing cephalin plasmalogens may have been included in the cephalins in the experiments just cited (24) (25) (26) and may account for the differences observed. Farquahar (26) (26, 27, 29) .
RESULTS
We have shown a highly significant decrease in the sphingomyelin content of the red blood cells in Tay-Sachs disease, and also, a significant decrease of cephalins in the red-cell stroma. These observations are similar to those we reported earlier in a patient with Niemann-Pick disease (12, 13) and to those in the one patient with Gaucher's disease reported here. These findings indicate a disturbance affecting the metabolism of cephalins as well as of sphingolipids in these conditions. Furthermore, the data presented show that the disturbances of lipid metabolism in TaySachs disease affect tissues outside the nervous system.
The data on the red-cell lipids of the parents of children with Tay-Sachs disease are of great interest. Extensive family studies (10, 11) have shown that this disease is inherited as an autosomal recessive trait with complete penetrance. Hence the parents must be heterozygous carriers and might be expected to show some abnormality by analogy with the situation in phenylketonuria (30) . This has in fact proved to be the case. Reduced levels of serum fructose-i-phosphate aldolase in children with Tay-Sachs disease, their parents, and some of their grandparents have recently been reported by Aronson, Perle, Saifer. and Volk (31) . The changes observed in the parents in the present study are similar to those of the affected children, but appear to be less severe, and are thus consistent with the hypothesis of a recessive mode of inheritance.
The similarity of the phospholipid changes in the red cells of patients with Tay-Sachs disease to those observed in Niemann-Pick disease (12, 13, 15) and in one patient with Gaucher's disease suggests that there must be a factor common to all three conditions. Published studies of red-cell phospholipids in various other diseases have shown no comparable abnormalities. Thus, Phillips and Roome (25) showed that red-cell phospholipids are normal in a variety of hemolytic disorders, whereas Ways, Reed, and Hanahan (32) and Phillips (29) have reported increased sphingomyelin and decreased lecithin concentrations in the red cells of patients with acanthocytosis. There may be at least two traits involved in the inheritance of Tay-Sachs, Niemann-Pick, and Gaucher's diseases, one of which is common to all three diseases and which determines the changes we have observed in the red cells, whereas the other (s) determines the specific sphingolipid accumulating in the nervous system or the reticuloendothelial system, or the predisposition of these tissues for such accumulation. It is not possible with the limited data available to determine whether these traits represent two reactions at one locus. That all subjects studied thus far have shown the same changes is, however, con-sistent with this view. Further studies to eluci- ( 
